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CM 
< 

o 

lA 

o> 

lA 



(57) Disclosed herein is a woofer nnodule for use in a 
television set, which comprises a hollow enclosure 
and a woofer accommodated within the enclosure for 
reproducing a sound of low audible frequency band. 
The enclosure has a first sound wave passageway 
extending from a front side of the woofer toward a 
first open end and a second sound wave passage- 
way extending form a rear side of the woofer toward 
a second open end. The second passageway is 
divided into an upstream region, a middle expansion 
region and a downstream region. The upstream re- 
gion is contiguous to the rear side of the woofer and 
has a cross-sectional area smaller than that of the 
expansion region so that an equivalent air mass can 
be applied to the woofer. 
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Field of the Invention 



The present Invention relates to a television set 
and is more specifically concerned with a woofer 

module for the television set, which has the ability 
to effectively reproduce the audible sound of ultra 
low frequency band. 

Description of the Prior Art 

Recent advance in the video technology has 
improved the resolution power of a television set to 
a great extent, which in turn requires a correspond- 
ing level of improvement in the quality of sound. In 
an effort to meet this requirement, it has been a 
general trend in the art to equip the television set 
with a tweeter and a woofer, each specially de- 
signed for reproducing the high or low frequency 
sound. As is known, a typical tweeter poses no 
problem in reproducing a high frequency sound at 
such good quality as required in the television set 
including HDTV. This is, however, not the case in 
the woofer. The reason for this is that, while the 
woofer needs an "enclosure" of large volume for 
causing a low frequency sound to resonate therein, 
such enclosure cannot be furnished without making 
the television set bulky and complex. In other 
words, any increase in the enclosure volume nec- 
essarily hampers the television set from taking a 
compact and simple configuration. 

With a view to eliminating the drawbacks men- 
tioned above, therefore, Japanese Utility Model 
Laid-open Publication No. 63-183788 discloses a 
television set comprising a pair of bass reflex type 
woofer module mounted at the opposite flank sides 
of the cathode ray tube. Each of the woofer units 
includes a woofer adapted for reproducing a low 
frequency sound and an enclosure or resonance 
box coupled to the front or rear side of the woofer 
for causing the sound to resonate before its dis- 
charge to the outside. However, the woofer module 
of the type disclosed in the Japanese publication is 
unsatisfactory at least in terms of the following 
aspects. First of all, since the expansion zone of 
the enclosure is immediately contiguous to the 
woofer per se, an equivalent air mass cannot be 
applied to the vibration membrane of the woofer. 
As used herein, an "equivalent air mass" is in- 
tended to mean a mass of air which is equivalent 
to the mass of the woofer membrane. Thus, the 
intrinsic resonance frequency of the woofer module 
is kept too high to reproduce the sound of ultra low 
frequency band with an acceptable sound pres- 
sure. A further disadvantage of the woofer module 
set forth above is that there have to be provided a 
pair of costly and bulky woofer modules at the 
lateral sides of the cathode ray tube. This makes 
the television set expensive in price and com- 



plicated in structure. 
Summary of the Invention 



5 It is an object of the present invention to pro- 

vide a woofer module for use in a television set 
which is readily mountable on the television set 
and which can reproduce the sound of ultra low 
frequncy band with a high sound pressure. 

10 Another object of the invention is to provide a 

television set comprising a woofer module mounted 
on the top thereof, the woofer module being ca- 
pable of reproducing the sound of ultra low fre- 
quency band with a high sound pressure. 

75 A further object of the invention is to provide a 

television set comprising a woofer module located 
under the cathode ray tube of the television set, 
the woofer module being designed to reproduce 
the sound of ultra low frequency band with a high 

20 sound pressure. 

In accordance with one aspect of the invention, 
there is provided a woofer module for use In a 
television set, which comprises a hollow enclosure 
and a woofer accommodated within the enclosure 

25 for reproducing a sound of low audible frequency 
band, said enclosure having a first sound wave 
passageway extending from a front side of the 
woofer toward a first open end and a second sound 
wave passageway extending from a rear side of the 

30 woofer toward a second open end, said second 
passageway divided into an upstream region, a 
middle expansion region and a downstream region, 
said upstream region being contiguous to the rear 
side of the woofer and having a cross-sectional 

35 area smaller than that of the expansion region so 
that an equivalent air mass can be applied to the 
woofer. 

In accordance with another aspect of the inven- 
tion, there is provided a television set which com- 

40 prises a housing with a roof panel, a cathode ray 
tube held within the housing and a woofer module 
mounted on the roof panel of the housing, said 
woofer module including a hollow enclosure and a 
woofer accommodated within the enclosure for re- 

45 producing a sound of low audible frequency band, 
said enclosure including a bottom wall shaped to 
conform to the roof panel of the housing, said 
enclosure having a first sound wave passageway 
extending from a front side of the woofer toward a 

50 first open end and a second sound wave passage- 
way extending from a rear side of the woofer 
toward a second open end, said second passage- 
way divided into an upstream region, a middle 
expansion region and a downstream region, said 

55 upstream region being contiguous to the rear side 
of the woofer and having a cross-sectional area 
smaller than that of the expansion region. 

A further aspect of the invention lies in a televi- 
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sion set which comprises a housing with a bottom 
panel, a cathode ray tube held within the housing 
and a woofer module positioned between the bot- 
tom panel of the housing and the cathode ray tube, 
said woofer module including a hollow enclosure 
and a woofer accommodated within the enclosure 
for reproducing a sound of low audible frequency 
band, said enclosure Including a top wall shaped to 
conform to the cathode ray tube, said enclosure 
having a first sound wave passageway extending 
from a front side of the woofer toward a first open 
end and a second sound wave passageway ex- 
tending from a rear side of the woofer toward a 
second open end, said second passageway divided 
into an upstream region, a middle expansion region 
and a downstream region, said upstream region 
being contiguous to the rear side of the woofer and 
having a cross-sectional area smaller than that of 
the expansion region. 

Brief Description of the Drawings 

The above and other objects and features of 
the present invention will become apparent from 
the following descriptions given In conjunction with 
the accompanying drawings, in which: 

Fig. 1 is a perspective view of the inventive 
woofer moudule, showing in dot lines the first 
and the second sound wave passageways that 
extend respectively from the opposite sides of 
the woofer within the hollow enclosure; 
Figs. 2(A) and (B) show respectively a preferred 
bottom configuration of the woofer module 
shown in Fig. 1 and a housing of the television 
set configured to have the woofer module moun- 
ted on Its roof panel; 

Fig. 3 is a side elevational view showing the 
television set and the woofer module mounted 
on the roof panel of the television housing; 
Fig. 4 is a top cross-sectional view of the woofer 
module shown in Fig. 1, with its top wall re- 
moved for clarity; 

Fig. 5 Is a cross-section taken along line V-V of 
Fig. 4; 

Fig. 6 is a cross-section taken along line VI-VI of 
Fig. 4; 

Fig. 7 Is a cross-section taken along line VII-VII 
of Fig. 4; 

Fig. 8(A) is a sound spectrum of the woofer 
module made in accordance with the present 
invention. Fig. 8(B) Illustrating a sound spectrum 
of the prior art woofer module; 
Fig. 9 shows another example of the television 
set having a modified woofer module positioned 
between the cathode ray tube and the roof panel 
of the housing; 

Figs. 10(A) and (B) are perpective and cross- 
sectional views of the woofer module designed 



to be Installed between the cathode ray tube 
and the bottom pannel of the television housing, 
Fig. 10(C) depicting the television set that em- 
ploys the woofer module as shown In Figs. 10- 
5 (A) and (B); and 

Figs. 11(A) and (B) show a modification of the 
woofer module as Illustrated In Figs. 10(A) and 
(B). 

10 Detailed Description of the Preferred Embodiments 



Referring now to Fig. 1, there Is shown a 
woofer module in accordance with one embodi- 
ment of the present invention. The woofer module 

75 Is so shaped and sized that It can be mounted on 
the top of a television set. As shown, the woofer 
module comprises a hollow enclosure 12 and a 
woofer 14 held within the enclosure 12 for re- 
producing an audible sound of low frequency, e.g., 

20 less than 400 Hz. The enclosure 12 Includes a top 
wall 16 having a frontal edge 18 along which a 
sound outlet port 20 extends. Preferably, the enclo- 
sure 12 Is configured to fully cover the top surface 
of a television housing, when the woofer module Is 

25 mounted in the position as shown in Fig. 3. The 
internal geometry of the enclosure 12 will be set 
forth later with reference to Figs. 4 to 7. 

As best shown In Fig. 2(A), the enclosure 12 
further includes a bottom wall 22, flank side walls 

30 24 and a rear wall 26, each cooperating with the 
top wall 16 to define a closed Internal space within 
the enclosure 12. In a preferred embodiment, the 
bottom wall 22 may have a pair of protruded legs 
22a and a central recess 22b formed between the 

35 legs 22a. One of the legs 22a has an access 
opening 22c through which the woofer 14 may be 
installed into or taken out of the enclosure 12. The 
access opening 22c is normally closed off by 
means of a shield plate 24 so as to prevent any 

40 sound wave from leaking. Along the frontal end of 
the bottom wall 22, there is provided a set of 
positioners 27 which are equally spaced one an- 
other to aid in positioning the woofer module on the 
top of the television set. Each of the legs 22a Is 

45 provided at its rear edge with a downwardly ex- 
tending bracket 28. The bracket 28 has a hole 28a 
through which a screw 30 Is tightened to the televi- 
sion housing. If desired, a friction member made 
of, e. g., rubber strip, may be bonded to the curved 

50 abutment surface of the leg 22a to ensure that the 
woofer module be kept in place without slippage 
when It is laid down on the top of the television 
housing. 

Fig. 2(B) shows, by way of example, a televi- 
55 sion set having a housing 34 designed to possess 
the woofer module of Fig. 2(A) on its top. As 
shown, the housing 34 is provided with a roof panel 
36 that consists of a forward flat surface 38, a 
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backward curved surface 40 and a vertically ex- 
tending surface 42 which lies between the surfaces 
38 and 40. Along the vertically extending surface 
42, a plurality of lugs 44 are disposed at a substan- 
tially equal spacing, the number and the spacing of 
which correspond exactly to those of the position- 
ers 27 described above with reference to Fig. 2(A). 
It is highly conventional that a vent hole or slot 46 
is fornned through the roof panel 36 or other hous- 
ing walls to allow the hot air generated within the 
housing 34 to be ventilated therethrough. At the 
back panel 50 of the televsion housing 34, there is 
provided a pair of threaded holes 52 to which the 
screws 30 shown in Fig. 2(A) may be tightened in 
order to secure the woofer module on the top of 
the television set. 

In the event that one desires to mount the 
woofer module on the television set of Fig. 2(B), 
the positioners 27 of the woofer module are first 
registered with the corresponding lugs 44 of the 
television housing 34. Then, the woofer module is 
forcedly pushed in the forward direction so that the 
lugs 44 may engage with the positioners 27. Under 
the condition, the woofer module will be kept on 
the roof panel 36 without the likelihood of slippage, 
because the friction member 32 comes into fric- 
tional contact with the curved surface 40 of the roof 
panel 36. Finally, the screws 30 are threaded into 
the holes 52 through the use of such a tool as 
screw driver. As clearly shown in Fig. 3, the televi- 
sion set of the type set forth above is simple in 
structure and smart in appearance, despite the fact 
that it carries the woofer module of large volume 
on its top. This is because the woofer module is so 
designed as to conform to the roof panel of the 
television housing. It should be understood that the 
central recess 22b of the bottom wall 22 shown in 
Fig. 2(A) enables the hot air discharged through the 
vent hole 46 to dissipate into the atmosphere. If the 
vent hole 46 is formed on the flank sides or the 
rear panel, there is no need to provide the central 
recess 22b on the bottom wall 22 of the woofer 
module. 

Fig. 4 is a top view of the woofer unit de- 
scribed above with reference to Figs. 1 to 3, 
wherein the top wall of the enclosure 12 is re- 
moved for simplicity. As set forth hereinabove, the 
woofer module comprises a hollow enclosure 12 
and a woofer 14 accommodated within the enclo- 
sure 12 for reproducing a sound of low audible 
frequency band. As used herein, the low frequency 
sound refers to a sound whose frequency ranges 
from 15 to 400 Hz, which belongs to the audible 
frequency band of 15 to 20,000 Hz. The enclosure 
12 has a first sound wave passageway 58 and a 
second sound wave passageway 60 which are de- 
fined between an outer contour wall 54 and an 
inner contour wall 56. The first passageway 58 



extends from the front side of the woofer 14 along 
a partial length of the contour walls 54 and 56 and 
then terminates at a first open end 58a, whereas 
the second passageway 60 extends from the rear 

5 side of the woofer 14 along the remaining length of 
the contour walls 54 and 56 and then terminates at 
a second open end 60a which neighbors with the 
first open end 58a. As is evident from Figs. 5 and 
7, the enclosure 12 is gradually reduced in thick- 

10 ness toward the frontal edge thereof. In a preferred 
embodiment, the second passageway 60 is divided 
into an upstream region L1, a middle expansion 
region L2 and a downstream region L3, each se- 
quentially formed along the direction that the sound 

75 wave moves from the woofer 14. 

Figs. 5, 6 and 7 are cross-sectional views, each 
showing the first passageway 58, the upstream and 
the middle expansion regions LI, L2 of the second 
passageway 60 and the downstream region L3 of 

20 the second passageway 60. In order to apply an 
equivalent air mass to the vibration membrane of 
the woofer 14, the upstream region LI should not 
only be contiguous to the rear side of the woofer 
14 but also have a cross-sectional area much 

25 smaller than that of the expansion region L2. Ide- 
ally, the cross-sectional area of the upstream re- 
gion L2 is substantially equal to or somewhat larger 
than the membrane area of the woofer 14. More- 
over, the expansion region L2 may have a volume 

30 of 5,000 cm^ or more, although the specific volume 
depends on the type and size of a particular televi- 
sion set. As best shown in Fig. 4, the downstream 
region L3 of the second passageway 60 may be 
arranged substantially as a mirror image of the first 

35 passageway 58. 

It is of importance that the upstream region LI 
be defined between the very rear side of the woof- 
er 14 and the expansion region L2. More specifi- 
cally, the state-of-art woofer modules have an ex- 

40 pansion region or resonance box beginning imme- 
diately with the woofer 14, thus rendering it impos- 
sible to apply an equivalent air mass to the vibra- 
tion membrane. Accordingly, the prior art woofer 
module is unable to lower the resonance frequency 

45 to such a level that the sound of ultra low fre- 
quency, e.g., less than 20 Hz may be reproduced 
in an audible condition. In contrast, the woofer 
module in accordance with the present invention 
can apply the equivalent air mass to the woofer 

50 membrane due mainly to the presence of the up- 
stream region LI between the woofer 14 and the 
expansion region L2, consequently lowering the 
frequency of the reproduced sound to a desired 
level. The resonance frequency in the novel woofer 

55 module is represented by the following equation: 

f = fo[ms/(ms + mb + ra,)]"^ (I) 
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wherein nris is the mass of the vibration mennbrane, 
rrib the mass of the air present in the upstream 
region L1 of the first passageway, m^ the air mass 
measured in terms of the radiation reactance and 
fo the resonance frequency in the free space. 

The air mass mb in equation(l) may be cal- 
culated on the basis of the following equation: 

mb = plbSb (II) 

wherein p denotes the density of air, lb the length 
of the upstream region L1 and Sb the cross-sec- 
tional area of the upstream region L1 . 

Further, the radiation reactance mass of air mr 
is given by the equation: 

m, = (8/3)p(Sb/7rf^2 (III) 

Finally, the resonance frequency fo in the free 
space is expressed by the equation: 

fo = 1/27r(LC)^^2 (IV) 

If the woofer module employs a woofer having 
a vibration membrane of 4g and the upstream 
region L1 is 20 cm in length and 80 cm^ in cross- 
sectional area, equation(l) may well read: 

f = fo(4/6.32)^'2 = 0.80 fo 

Given that the resonance frequency in the free 

space is 80 Hz, for example, the intrinsic reso- 
nance frequency of the woofer module will become 
as small as 64 Hz. This is beause the air present in 
the upstream region L1 imparts an equivalent mass 
to the woofer membrane. 

Fig. 8(A) shows a sound spectrum of the woof- 
er module whose upstream region L1 is 20 cm in 
length and 80 cm^ in cross-sectional area, whereas 
Fig. 8(B) illustrates a sound spectrum of the prior 
art woofer module with no such upstream region as 
in the present invention. A comparison of these 
sound spectra reveals that the woofer module em- 
bodying the present invention has the ability to 
reproduce even the sound of 20 Hz or less with a 
sound pressure much greater than that of the prior 
art woofer module. 

Turning back to Figs. 4 to 7, it can be seen 
that a number of support bars 62,64 are disposed 
in the first passageway 58 and further that three 
partition walls 66 extend along a partial length of 
the downstream region L3 of the second passage- 
way 60 to define four channels therebetween. The 
support bars 62,64 and the partition walls 66 serve 
to reinforce the enclosure 12, thereby suppressing 
any unwanted mechanical vibration thereof. Fur- 
thermore, there are provided a plurality of poles 70 
in the expansion region L2 of the second passage- 



way 60 as well as in the marginal zone 68 of the 
enclosure 12. The poles 70 are intended to connect 
the top and the bottom walls of the enclosure 12 
together such that the enclosure 12 itself may not 

5 suffer from any mechanical vibration. 

Fig. 9 shows an alternative example of the 
television set wherein the woofer module is held in 
place between the cathode ray tube 72 and the 
roof panel 36 of the television housing 34. In this 

10 type of television set, it is necessary to make the 
top wall of the enclosure 12 conform to the inner 
surface of the roof panel 36. Any suitable securing 
means, e.g., screws 74, may be employed in se- 
curing the woofer module to the roof panel 36 of 

75 the television housing 34. It should be appreciated 
that the woofer module shown in Fig. 9 has an 
improved freedom of design as long as the bottom 
wall of the enclosure 12 is concerned. 

Another embodiment of the woofer module as 

20 shown in Figs. 10(A) and (B) is designed to occupy 
an appropriate position beneath the cathode ray 
tube of the television set. As in the immediately 
preceding embodiment, the woofer module com- 
prises a hollow enclosure 76 and a woofer 14 

25 accommodated within the enclosure 76 for repro- 
ducing a sound of low frequency. The enclosure 76 
includes an expanded hull 78 whose top wall is 
inclined to conform to the funnel portion of the 
cathode ray tube. A pair of parallel ducts 80, 82 

30 extend from the hull 78 in the forward direction. 
The internal space of the enclosure 76 is divided 
into a first sound wave passageway 84 and a 
second sound wave passageway 86 about the 
woofer 14. As shown in Fig. 10(B), the first pas- 

35 sageway 84 is defined within the duct 80 in the 
way that it begins with the front side of the woofer 
14 and terminates at the first open end 80a. Like- 
wise, the second passageway 86 is defined within 
both the hull 78 and the duct 82 in the manner that 

40 it begins with the rear side of the woofer 14 and 
terminates at the second open end 82a. Each of 
the first and the second open ends 80a, 82a is 
preferably of rectangular shape and may have a 
width greater than its height. The second passage- 

45 way 86 is subdivided into an upstream region, a 
middle expansion region and a downstream region, 
each sequentially formed along the second pas- 
sageway 86 within the hull 78 and the duct 82. The 
upstream region has a cross-sectional area much 

50 smaller than that of the expansion region so that an 
equivalent air mass may be applied to the vibration 
membrane of the woofer 14. No further description 
will be given to the structural and functional details 
of the woofer module shown in Figs. 10(A) and (B), 

55 since they are substantially in line with those of the 
woofer module as previously set forth with refer- 
ence to Figs. 1 to 8. 

Fig. 10(C) illustrates a television set of the type 
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with the woofer module of Figs. 10(A) and (B) 
located at a suitable position between the cathode 
ray tube(not shown) and the bottonn panel of the 
television housing 34. It should be noted that the 
television set makes use of the waste or dead 
space within the housing 34 in mounting the woofer 
module on the television set. As a consequence, 
there is no need to redesign the housing 34 for the 
special purpose of mounting the woofer module. 

Lastly, Figs. 1 1 (A) and (B) show a modification 
of the woofer module depicted in Figs. 10(A) and 
(B). The modified woofer module is structurally 
identical to the woofer module of Figs. 10(A) and 
(B), with the exception that each of the open ends 
80a', 82a' has a width smaller than its height. The 
reason for the narrower width is to have the open 
ends 80a', 82a' match, in width, with the sound 
outlet port of a dome speaker(not shown) normally 
disposed above the woofer module, thereby im- 
proving the appearance of the television set. 

While the present invention has been shown 
and described with reference to the particular em- 
bodiments, it will be apparent to those skilled in the 
art that many changes and modifications may be 
made without departing from the spirit and scope 
of the invention as defined in the claims. 

Claims 

1. A woofer module for use in a television set, 
which comprises a hollow enclosure and a 
woofer accommodated within the enclosure for 
reproducing a sound of low audible frequency 
band, said enclosure having a first sound wave 
passageway extending from a front side of the 
woofer toward a first open end and a second 
sound wave passageway extending from a rear 
side of the woofer toward a second open end, 
said second passageway divided into an up- 
stream region, a middle expansion region and 
a downstream region, said upstream region 
being contiguous to the rear side of the woofer 
and having a cross-sectional area smaller than 
that of the expansion region. 

2. The woofer module as recited in claim 1, 
wherein said enclosure comprises a plurality of 
poles distributed within the second passage- 
way for preventing the enclosure from being 
subjected to an unwanted mechanical vibra- 
tion. 

3. The woofer module as recited in claim 1, 
wherein said enclosure comprises one or more 
longitudinal partition walls extending along a 
partial length of said downstream region and 
arranged in a spaced relationship with each 
other. 



4. The woofer module as recited in claim 1, 
wherein said downstream region of the second 
passageway is arranged substantially as a mir- 
ror image of the first passageway. 

5 

5. A television set comprising a housing with a 
roof panel, a cathode ray tube held within the 
housing and a woofer module mounted on the 
roof panel of the housing, wherein said woofer 

10 module comprises a hollow enclosure and a 

woofer accommodated within the enclosure for 
reproducing a sound of low audible frequency 
band, said enclosure including a bottom wall 
shaped to conform to the roof panel of the 

75 housing, said enclosure having a first sound 

wave passageway extending from a front side 
of the woofer toward a first open end and a 
second sound wave passageway extending 
from a rear side of the woofer toward a second 

20 open end, said second passageway divided 

into an upstream region, a middle expansion 
region and a downstream region, said up- 
stream region being contiguous to the rear 
side of the woofer and having a cross-sectional 

25 area smaller than that of the expansion region. 

6. The television set as recited in claim 5, 
wherein said enclosure comprises a plurality of 
poles distributed within the second passage- 
so way for preventing the enclosure from being 

subjected to an unwanted mechanical vibra- 
tion. 

7. The television set as recited in claim 5, 
35 wherein said enclosure comprises one or more 

longitudinal partition walls extending along a 

partial length of said downstream region and 
arranged in a spaced relationship with each 
other. 

40 

8. The television set as recited in claim 5, 
wherein said downstream region of the second 
passageway is arranged substantially as a mir- 
ror image of the first passageway. 

45 

9. A television set comprising a housing with a 
bottom panel, a cathode ray tube held within 
the housing and a woofer module positioned 
between the bottom panel of the housing and 

50 the cathode ray tube, wherein said woofer 

module comprises a hollow enclosure and a 
woofer accommodated within the enclosure for 
reproducing a sound of low audible frequency 
band, said enclosure including a top wall 

55 shaped to conform to the cathode ray tube, 

said enclosure having a first sound wave pas- 
sageway extending from a front side of the 
woofer toward a first open end and a second 
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sound wave passageway extending from a rear 
side of the woofer toward a second open end, 
said second passageway divided into an up- 
stream region, a middle expansion region and 
a downstream region, said upstream region 5 
being contiguous to the rear side of the woofer 
and having a cross-sectional area smaller than 
that of the expansion region. 

10. The television set as recited in claim 9, io 
wherein said enclosure comprises a hull for 
defining therein the upstream and the middle 
expansion regions and a pair of parallel ducts 
extending from the hull in the forward direction, 
each of said ducts defining the downstream is 
region and the first passageway therealong. 

11. The television set as recited in claim 10, 
wherein each of said ducts is provided with the 

first and the second open ends at Its free 20 
terminus. 
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FIG. 4 
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FIG. 9 



12 



EP 0 519 509 A2 




EP 0 519 509 A2 





14 



